This study describes for the first time the female of Leptodactylus cupreus and provides new information concerning its geographical distribution, male's morphology and bioacustics. Leptodactylus cupreus, a poorly known species from the Brazilian Atlantic Forest, was originally allocated in the L. mystaceus complex of the L. fuscus species group. Based on morphological observations, we infer that L. cupreus should be in fact related to L. mystacinus, a species that, although assigned to the L. fuscus species group, is not assigned to the L. mystaceus complex. Therefore, we comment the phylogenetic relationships concerning L. cupreus, L. mystaceus and L. mystacinus.
Introduction
The genus Leptodactylus is divided into five species groups. Within the Leptodactylus fuscus group, the L. mystaceus complex comprises six species: L. mystaceus, L. spixi, L. notoaktites, L. elenae, L. didymus and L. cupreus (Heyer 1996; De Sá et al. 2005; Caramaschi et al. 2008) , distributed in the Amazon basin, Atlantic Forest, Cerrados, Chacos and Caatingas of South America (Frost 2011) . Caramaschi et al. (2008) considered L. cupreus as a member of L. fuscus group and related to the L. mystaceus complex. The species was diagnosed and distinguished from the other species within the L. fuscus group by the following combination of traits: general color of dorsum copper without spots; presence of a large black stripe extending from the tip of snout to the shoulder passing through the eye and tympanum; outer metacarpal tubercle divided and smaller than the inner metacarpal tubercle. In addition, the advertisement call presents a combination of traits (not pulsed, call rate of 12 calls per second and dominant frequency between 2,800 and 3,058 Hz) that is also diagnostic .
Until recently, L. cupreus was known to occur only at its type locality (Parque Estadual da Serra do Brigadeiro -municipality of Ervália, state of Minas Gerais, Brazil) and at the municipality of Santa Tereza, state of Espírito Santo, Brazil Peres et al. 2010) . Furthermore, a compilation of data gathered from fieldwork, literature and specimens housed at scientific collections increased its geographical range up to 160 km north to the municipalities of Cariacica, Linhares and Barra de São Francisco, state of Espírito Santo (Almeida et al. 2011) .
The recognition and identification of species belonging and/or associated to the L. mystaceus complex have been historically troubled (see Heyer et al. 1996; Ponssa 2008) . Some species are morphologically very similar to each other and the capture of specimens is not always simple, leading to small local samples of widespread species. Although L. cupreus is clearly distinct from other species of the L. fuscus group, some specimens from newly recorded populations presented different morphologies that led researchers to question their taxonomic status (e.g. Tonini et al. 2010) .
Although the number of new taxa of amphibian anurans descriptions increases each year (Rodrigues et al. 2010 , Frost 2011 , IUCN 2012 , few contributions deal with intraspecific variation. In some cases, only a handful of specimens are deposited in scientific collections and new records of morphologically variant populations can raise doubts about their taxonomic assignation. Morphological and acoustic variation among populations could be erroneously recognized as specific diagnostic traits of different species if they are not clearly stated in descriptions and/or if few specimens are analyzed.
Herein we provide information not mentioned for the types of L. cupreus and a more detailed morphological variation. Given that the original description compared L. cupreus mostly with L. mystaceus and L. mystacinus we discuss the morphological variation biased towards these taxa. Our findings include the first record of a female L. cupreus.
Material and methods
Studied specimens are housed at the following collections: Collection Célio F. B. Haddad, Departamento de Zoologia, I.B., UNESP, Rio Claro, SP, Brazil (CFBH), Museu Nacional, Rio de Janeiro, RJ, Brazil (MNRJ) and Museu de Zoologia da Universidade Estadual de Santa Cruz, Ilhéus, BA, Brazil (MZUESC). Specimens were collected under license number 13708-1 in the municipality of Camacan and 26378-1 in the municipality of Porto Seguro, granted by Instituto Chico Mendes de Conservação da Biodiversidade-ICMBio.
To enhance comparisons we took the same measurements provided in the original description of L. cupreus . Measurements used are: SVL (snout-vent length); HL (head length, from posterior margin of the lower jaw to tip of snout); HW (head width, measured at the level of posterior margin of lower jaw); IND (internarial distance); END (eye to nostril distance); ED (eye diameter); TD (tympanum diameter); HAL (hand length, from the posterior margin of the outer metacarpal tubercle to tip of finger IV); THL (thigh length, from knee to cloaca); and TL (tibia length). Although almost any measurement is influenced by fixation artifacts (see comments in Hayek et al. 2001) we tried to keep these artifacts to an acceptable minimum. Thus, all measurements were taken by only one of us (Victor G. D. Orrico), except the female MZUESC 9041 (which was taken by Iuri R. Dias). In addition, we did not measure the upper eyelid width, interorbital distance and foot length, used in the description of L. cupreus, due to the high influence of preservation artifacts in these measurements. o C, at the Reserva Particular do Patrimônio Natural (RPPN) Estação Veracel, municipality of Porto Seguro, state of Bahia. These were at a chorus of about five specimens; all emitting advertisement calls only, about 20 to 50 meters from each other, under fallen tree trunks, litter and herbaceous vegetation of a dry temporary pond surrounded by a tropical rain forest. The forest is partially surrounded by cleared farmlands where several specimens of L. fuscus were calling.
For recordings, we used a Marantz Professional digital recorder model PMD-660 at a sampling rate of 44.1 kHz and an unidirectional Sennheiser ME-66 microphone. Sound analyses, oscillograms, spectograms and power spectrae were performed using Raven Pro 1.4 following parameters: Bandwidth = 248 Hz; FFT length = 256. Terminology used for call comparisons follows Duellman and Trueb (1994) .
We examined two females: CFBH 23632, from the municipality of Linhares, state of Espírito Santo, Brazil, and MZUESC 9041, from the municipality of Camacan, state of Bahia, Brazil. The specimen CFBH 23632 already presented a dissection at the ventral surface and in the specimen MZUESC 9041 we were able to see oocytes by transparency.
Results
The type localities of L. cupreus and Chiasmocleis mantiqueira are the same ("Lagoa das Bromélias", at the district of Careço, municipality of Ervália, state of Minas Gerais; Cruz et al. 2007; Caramaschi et al, 2008; Renato N. Feio pers. comm.) . Nevertheless, the coordinates given by each contribution (Cruz et al. 2007; Caramaschi et al, 2008) are not concordant. Caramaschi et al. (2008) 's coordinates corresponds to a location nearby the municipality of Ouro Preto, state of Minas Gerais, which is about 100 km E from the coordinates of the type locality of C. mantiqueira (20°53'S, 42°31'W; Cruz et al. 2007 ). Notwithstanding, Motta et al. (2010) describe the tadpole of L. cupreus from its type locality which is concordant with the above mentioned coordinates of C. mantiqueira. Thus, we consider the latter as the correct coordinates of the type locality of L. cupreus. We report the occurrence of L. cupreus at three new municipalities in the state of Bahia, Brazil (Fig. 1 The morphological variation found between the populations from the state of Bahia and the original description led us to ask if those should be interpreted as interpopulational or interspecific variations. Nevertheless, the advertisement call is nearly identical to the one presented in the original description (see Caramaschi et al. 2008) .
Morphological description. Color. The white line in the posterior region of the thigh found in L. cupreus varies from well to weakly marked (Fig. 2 A-D) . When present, well or weakly marked, this line is diagonal to the axis of the thigh. In L. mystaceus the white line in the posterior region of the thigh is always present, well marked, and at the same axis of the thigh (Fig. 2 E, Table 2 ). Leptodactylus mystacinus never presents such white line (Fig.  2 F, Table 2 ). The background color of the posterior region of the thigh is deep brown or black in L. cupreus, while in L. mystaceus and L. mystacinus it is marbled in brown (Fig. 2) .
Flanks may vary from bright copper with scattered spots and flecks, with a dark line dorsally (see Caramaschi et al. 2008 , Figure 3) , to dark, nearly solid black, contrasting deeply with the dorsal color pattern (Fig. 3) . Additionally, the black stripe of the flanks can be interrupted, reaching only the scapular region (Fig. 3 A-C) or be continuous, fused with the black stripe at the lateral of the head (Fig. 3 D) .
The gular region varies from pink to brownish or blackish gray (scattered with cream dots or not) in life; remaining with this color after fixation. Hands and feet vary from light grey with small yellow and/or copper dorsal flecks (Fig. 3 A, B) to completely light grey (Fig. 3 C, D) .
Skin texture. Caramaschi et al. (2008) distinguished L. cupreus from other species of the L. mystaceus complex by the absence in the former of small spines (presumably composed of keratin) in the dorsal surface of tibia. Actually, examined specimens of both L. cupreus and L. mystacinus do present these small spines , Figure 3 ; Fig. 4 A, C), while L. mystaceus does not (Fig. 4 B, see Table 2 ). External morphology. The outer metacarpal tubercle is always divided in L. cupreus, and it can be smaller than or as big as the inner metacarpal tubercle. Given that species of the L. mystaceus complex present an outer metacarpal tubercle entire and larger than the inner metacarpal tubercle (as do L. mystaceus; see Caramaschi et al. 2008) , this trait distinguishes L. cupreus from all other species of the L. mystaceus complex. Notwithstanding, L. mystacinus, which belongs to the L. fuscus group but not to the L. mystaceus complex, does present a divided tubercle, that can be smaller or as big as the inner metacarpal tubercle (Cassini, C. S., pers. obs.), just as in L. cupreus (Table 2) .
Leptodactylus cupreus presents a ridged surface, with small spines, on the inner side of fingers III and IV (Fig.  5) . Although this character was neither mentioned nor shown on the holotype's drawings of L. cupreus , we were able to examine the type series and confirm its presence. Measurements of L. cupreus are shown on Table 1 . The measurements of the populations from the state of Bahia do not differ from those of the type locality (Figure 6 ). Males and females do not differ morphometrically ( Figure 6 ). Morphological comparisons between L. cupreus, L. mystaceus and L. mystacinus are shown on Table 2 . Female. The specimen CFBH 23632 presents seven large unpigmented oocytes (average diameter = 24 mm; SD= 2.8). Oviduct structure was damaged during tissue sampling by the original collector and internal anatomy observations are thus hindered. However, oviduct shows no pigmentation.
Morphological variation among females from distinct populations was observed. The specimen CFBH 23632 (from the municipality of Linhares, state of Espírito Santo) presents bars on the dorsal surface of the tibia (Fig. 7) , while MZUESC 9041 (from the municipality of Camacan, state of Bahia, Brazil) does not (Fig. 3D) . In addition, CFBH 23632 presents a well marked white line in the posterior region of the thigh ( Fig. 2A) , while MZUESC 9041 presents the same line weakly marked. No relevant differences were found among males and females besides the usual sexual dimorphism present in other species of the Leptodactylus fuscus group as a chisel-like snout and vocal slits in males (Ponssa and Barrionuevo, 2012) . Nevertheless, we found that in females, the gular region is marbled (Fig. 7) , while it is brownish or blackish gray (this study) or pink in males. As more females are collected, we will understand whether the gular coloration of L. cupreus is indeed a sexually dimorphic feature or if it shows intrasexual variation.
Advertisement call. Despite the morphological variation found in specimens collected in the state of Bahia, the advertisement calls of this population do not differ significantly from the advertisement call presented in the original description of L. cupreus (Fig. 8) . The advertisement calls of two individuals of L. cupreus recorded at the Estação Ecológica Veracel, municipality of Porto Seguro are composed of slightly modulated notes with duration of about 0.02 seconds; the rate of emission is about 14 notes per seconds; the dominant (and fundamental) Morphometric parameter Caramaschi et al. 2008 (males, n=8) This study (males, n=4) This study (females, n=2) SVL 50.1-55.1 (52.4 ± 3.96) 48.5 -57.0 (52.2 ± 3.9) 55,7 -57.9 (56.8 ± frequency corresponds to the first harmonic and its frequency is around 2800 Hz (see Table 3 ). A second harmonic is found around 5600 Hz (range = 4000-6000 Hz) and a third around 8300 Hz (range = 7700-8900 Hz). and two individuals recorded in the present study (RPPN Veracel, municipality of Porto Seguro, state of Bahia). Amplitude (mean ± standard deviation).
FIGURE 7.
Female of Leptodactylus cupreus, dorsal and ventral views (CFBH 23632 SVL = 55.5 mm). Notice the absence of the chisel-like snout and the general similarity with males (Fig. 3) .
Discussion
We report specimens of L. cupreus from the municipalities of Camacan, Camamu and Porto Seguro, state of Bahia, which although recognizable as L. cupreus, presented morphological variation in those traits described as diagnostic in the original description of the species. Despite this variation, we concluded that these populations belong to the same species due to the nearly identical advertisement calls. As did Caramaschi et al. (2008) we too found (usually) three harmonics; notes with fewer harmonics were usually recorded with lower intensity and that may affect harmonic recording (see Orrico et al. 2006) . Although allopatric speciation does not imply distinct advertisement call between species, molecular data would be necessary to test this hypothesis. To date-and based on the data available-we chose to take a more conservative taxonomic decision. However, as more data is collected, different taxonomic conclusions can arise. Caramaschi et al. 2008 Indiv. These new records show that L. cupreus is not a high-altitude endemic species like Physalaemus maximus and Chiasmocleis mantiqueira as predicted by Caramaschi et al. (2008) . The last two species have been reported to occur in other high-altitude areas (see Baêta et al. 2005 for P. maximus and Forlani et al. 2011 for C. mantiqueira) . In fact, other forest species of this region in the state of Bahia present geographical distributions somewhat similar to that of L. cupreus (e.g., Ceratophrys aurita and Proceratophrys laticeps; Almeida et al. 2011; Frost 2011) .
The phylogenetic position of L. cupreus remains uncertain. Although it was allocated in the L. mystaceus complex of the L. fuscus group in its original description , some morphological traits (e.g. presence of spines on the dorsal surface of the tibia and on inner surface of fingers III and IV) show that L. cupreus is more similar to L. mystacinus than to L. mystaceus.
In fact, the monophyly of the L. mystaceus complex within the L. fuscus species group is doubtful. Ponssa (2008) recovered it as polyphyletic; on the other hand, Pyron & Wiens (2011) recovered it as monophyletic (albeit only marginally supported), and L. mystacinus as the basal species of the L. fuscus species group. The relationship between L. cupreus and the L. mystaceus complex (according to Caramaschi et al. 2008 ) is only tentative. It seems clear that external morphology is not straightforward to solve relationships within the L. fuscus species group (notice the high levels of homoplasy in Ponssa 2008) and a total evidence analysis should be conducted to understand the evolutionary history within the group.
